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Characteristics of Poly-Si Nanowire TFTs with GateAll-Around
Student: T. S. Sheu Advisd@r. J. T. Sheu

Department( Institute) of Nanotechnology

National Chiao Tung University

ABSTRACT

This thesis successfully demonstrated gate-all-around polydirystsilicon (poly-Si) thin
film transistor with side-wall spacer -nanowire technigque. The-Solganowire after solid
phase crystallization for 24 hours was released to suspension fraed buidle by using wet
etching process in DHF solution. The released-suspending nanowifelagd by a 20-nm
TEOS deposition as gate oxide. Subsequently, a 200-nm-thick in"sitoped poly-Si layer
was deposited and patterned to form a gate electrode. The channel @vootwidth was
wrapped around by gate oxide and poly-Si gate. This gate-all-arowntust exhibits
superior channel controllability and immunity of short channel eff¢SICES). After the
device fabricated, it was passivated by\ithsma treatment for 1 hour at 300The device
performance was improved after Bldlasma treatment, including a high driving current,

steep subthreshold swing(114 mV/dec), a better mobility, nearofr€dBL, a high on/off

current ratio(>18), and suppression of kink effect induces by ion impacted ionization.

addition, the multiple channel nanowire TFTs have a lower thresholdgeopl&a steeper
subthreshold swing(107 mV/dec), a higher on/off current ratidzbdit gate induce drain
leakage was serious than dual-channel device.

In this 3-D structure, the increase of gate area over chaanslippress SCEs and

leakage current were accomplished. The device shows excelleiornpence than



conventional planar transistor, double gate fin-FET, and tri-gat€Hih Due to the
poly-Si TFTs were limited by the defects of grain boundaryctraer mobility and on/off
ratio are difficult to enhance, GAA structure was adopted to owscthese limitations.
The trap state density of grain boundaries can be further reducrdNM§ plasma

passivation.
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B11-2 - DG GAA T {21+ #[2] -

Si an “SINW Wi,th After 130 nm

o-Si dep.

F1-3~ TEM. 4%;%1[3]

¥ - %2006 |[EEE EDL[3}1~ & & #74ck ~ £ — 2L 4 5 chB IR 215 £ 0 F1% KIF
kR R 1A E 50 nme & & 140-1000 nming F A 2 {21 T /| PFFengz i (T Thinning
1:25 DHERA %] #5450 % i & > &d ] 355 nmi F 2 HGAA CMOS—~ 2 > 4eRl1-3- =
¢ o 3 2 TR ot g AL 5 (63 mV/decy 14 2 A7 2 DIBL(10 mVIV) > 4r@l1-4> ®
Hgr23 423 xadufd o 8 g gre {2~ 284K Kk (Substrate
Bias Effectyne > . > "1 AR BB g2 LF w2 FOARKTR ¢ FRAZV
FEH O FISE S HPHET IR 2 EFAARTTRH A BLE NPT & EVen R -

211580 2 RATEFR D kb o



103; V"~~1_2V y =4 2N
102y ==~
1- .

= 01 pwvos NMOS |
S 107 {DIBL=20 mV/V DIBL=10 mV/V 1
3 107" V=0, V,=005V
— 10-2'é ’

1074

10-4- r — £y

40 05 00 05 10
V, (V)

Bl1-4~ GAAR 1£[3] »

11 % 2,3 e fo e (H 5 7) -

| DG | GAA GAA
| 2006 IEEE | 2006 IEEE | 2006 IEEE

+1. Nanetech.T{T-"Nanotech. EDL

L(nm) o) 30 250
Channel Width(nm) 20 20 5
Tox(NM) 3 3 9

Vin (V) -0.169 -0.158 0.05

S.S.(mV/dec) 85 78.5 63
DIBL(MV/V) 125.9 81.44 10
lon(MA/m) 2.96 3.54 1.5




% = £ 8152004 APL[14]> 41* LDD #4822 % &% 50 2 f SET SHH > 2
FREMEF AL B(E-BeamiR I 67 nmena F 0 & SPCi2 2 Tri-Gate s 4 » 548 NH3
IR R ik ald 0 % AT 10430R K (2 MNC)TRT eh it ¥ 19
Moo & (SCHF » S.S.(110 mV/deek | >+ ¥ 42 g » * % DIBL > F] & ’}’:Elgé:—fﬁ;%s A

(ES UL SRR LT SR LS LI LT

103 — — 60

. Vd=2v
0% Mutiple nano-wire channels . ——
408} —— Single channel =
o S A
107

Drain current (A/fum)
2
Field effect mobility (cm?/Vs)

Gate voltage (V)

B11-6 ~ MNC#2 SCehil -V T 1400 #[14]

 fs - % 2006 IEEE TED[26} Spacer= & ‘4% sk 40 > 453 =02 © Wk o
Wik s ™ > fL5 Side-Gate S/D ez # & & > B PBEEL 2 L SUKGE e o

WA A SRR 0 RE S 20 nme i5Y Aom Spacemtis i F i 4 2 ) R Eh
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AR A APE F AL RTHE R oWl 172 184778 » 2 ¢ 4 P B4 SPCH
ERETRBA B TRIE > Vi 72 L FEERHFEVE | P T BB S -

£ 125 1 it Je[14,26) 58 2 . -

Source

BI1-7+ % of s 7 & B4 H[26] -

—_
<
o

Vp=0.5V/3V,W/L=21nm/2um

S
>

Drain Current (A)
e — - — pas.
e e e o 9
= = w0 o -~

01

o - / — — fresh
\\ <l . . _. NHa-pIarsma 1Hr
2 0 2 4 6 8 10
Gate Voltage (V)

10&13

FI1-8 T HAILH 15 cht foft #12[26] -
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% 12~ 2 prw fiE[14,26]5- 40 e FIR( 5 S F) o

2006 2004
IEEE TED APL
SG SG Tri-gate Tri-gate
fresh NHs-plasma | NHs-plasma | NHs-plasma
1 hr 1 hr, SC 1 hr, MNC
Lg (um) 2 2 0.5 0.5
Channel Width(nm) 21 21 1000 67x10
Tox(Nm) 30 e 1 26 26
Vin (V) 7.27 2.54 -0.11 0.23
S.S.(mV/dec) 381 194 360 110
Mobility(cm?Vs) 55 73 34.01 32.5
lon/l ot 1.63x10 5.36x10 5.9x10 4.73x18
DIBL(V/V) N.A. N.A. 0.4 0
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A4

¥ - X
7 oF R i Az £ Rl(Spacer nanowire)

r-F A% 7 GAAMOSFET# % 3} s & w7 Hﬂaﬁﬁmﬁﬁf’sé?}]%bb’*x){%’ 3
B it » R Bk enii A2 2 R L2 R @ Spacerz f & #-v g * 3] GAA MOSFET #-¢ 4~

EERBUHG  AFEEAL 2 ARANYIED 20 2 32 A RDTIER o
13 248
FHZAWTZFA 6 Fird@lo e R+ LE B RwR T ¥ fiE 50 nm
RPN 2E % NDLG-lingfic®ip 0 ¥ Bef &2 & &ty 5 0.9um * %
5B REG D 100 nmiz T (sub=100 nmyn 2 & EuEriE & o 17 ) kR Spaceri i
Wirz A REAgp§ 7 (702 2 o Flphafsfh* NDL 2 4 3% 3210 » R iF

o

Rl

2.2 Spacerz st s %] it g

f1* 6+ & Fli5i6 RCA Fi2is > 128§ i+ (Wet Oxidation)s 8 % &k -T % # td ]
+mg it- k& 500 nmeng it g 0 2 (s £ * LPCVD 550C t# 50 nm k-2t §, # (a-Si)
D AR T RIT NS R B * A Ao 2-1 407 o
2o i & 5 e E ot - Kk LPCVD 713C TEOS % ©* & 100 nm
(Tetraethoxysilane = ¢ 3 A # = > it § ;X1 Si(OGHs)s) > 4§l 2-2° iz TEOS% it
K 538 Geline R % 2 TrackBg #4122, & ik Bl % » 4oH 2-3- £ {1* Tel 5000 RIEG
LR Fr s S)LE B ko 2B A,E Kk 5 Block s 4o 2-40 2 HEE eh
RIEE> 12 i Spaceri 3o * Ozone Asheg? #rfiz 2 ke s L % - & LPCVD 850C
¥ it# 3 v & (Nitride Oxide)100 nm 4 Spacerfi# » 2 {25 12 Tel 5000 RIEZ-E
&% 100 nmiER > & TEOSwe % chip|kEg ™ § i &7 05 § 4 (Spacer) 4@l 2-5- #414

BE GRS B RS R (R R IE S  4oF] 260 T - HF G 7
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e TEOS Block* BOE(L:7ps % #- - ¥ § T Spacer? & if ke 4 Active Area Hard
Mask > -] 2-7> £ 12 TCP 9400¢ & # e &% 5)- &A™ 4% 50 nmiz & » & 3§
= 5 nm Over Etching 4-] 2-8> 2_ {4 £ * Fifa & Fuphpe s )3 Hk[e 2 § b7 > 3 K
R i*u;% 7 o 4B 2-90 F ek o # FpiL#-TEOS Blockiz 4 » & %] & ke g
AHH S BHBFAL A ME I T8 Ny TR BT ¢0 24 pF600C U F 131

gg?{' g‘;BBB*il’LﬁLJ‘ = oo A7 ? 7}%5'\"

®12-1~ 50 nm Poly Siliconf ¥ i+ & + Gz 8 -

®12-2~ w4 100 nm LPCVD TEOS Oxide
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B12-3 -~ ke Pattern’) £ i B35 o

B12-4 ~ 12 ke Masks: %] 1) Bolck -

Bl2-5~ RIEZ-® 4 %] {s & R|EEF T Spacer
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B2-6 ~ & iF ke Pattern’t S/DiiMask -

LA E
ittt T

Bl2-8~ 2 TCP 940QL ™ &4 %] ™ & 50 nm# % % # Active arear
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AR A LA
o

2% AFM #4520 ehA)jR k e
¢ ¢ #5 SEM B - SR % ! Nitride ‘Spacerri & 5 77.7 nme B 2-11 5 AFM B »

3 % & g 2 5 % R 108 nme=h Nitride Spacer

SEI 100KV X1,800 10pm WD 6.7mm
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NCTU
&l

iﬁi\

K

Profile information

Ra= 21.9nm Rzjis = 63.3 nm
117nm Rz = 127 nm Length = 3.66 um
Rq= 33.0nm
Histogram / Bearing Ratio
ganm 240K 100{%)

180k |
120k |

59nm 060k “H_H
A__——_‘}___
0,00k 4 01%]

i} 146.nm
29nm
1

Z1 @ [nm] 118

Onm Zzl [nm] 109 644

spacer? |21-2Z2]  [nm] 108 5

AFM AC Ref: -3.933 [V] Length  [um] 0.323 0.229
Size: 5.00 [un?] Bias: 0.000 [V] ANGLE  [deq] -18.5

1144 nm
94,4 nm
T4 4 nm
54.4hm
344nm
14.4nm

0.6umn 1.2um 1.8um 2.4um 3.0um 3.6um

Bl2-11 -~ Nitride Spacer AFNE] -
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& TCP 9400/LT 4 %|{¢ » * #- Nitride Spacers’ “,ﬁ% SR N

nm- 4@ 2-12477 o ¥ ¢85 @ 2 A RenF R 4cB) 2-13 %71 - d AFM

B g v R RATE LR E > .75 Over Etchingshhf i -

NCTU SEI 10.0kV b 10pum WD 7.1mm 10.0kv  X75,000

100nm WD 7.1mm

Profile information

Ra= 17.6 nm Rzjis = 47.2 nm
549rm | Rz= 638 nm Length = 4.81um
Rqg= 214 nm
Histogram / Bearing Ratio
41.2nm 5.00k 5 100(%]
4,00k
3.00K
2.00k
27.5nm 1 00K -
Fil —— A P
0 68.7 nm
13.7nm
1
Z1 @ [nm] 639
0.0nm Zz m [nm] 421
NW |Z1-Z2] [nm] 58.7
AFM AC Ref: -3.909 [V] Length  [um] 0,810
Size: 500 [urr?] Bias: 0.000 [V] ANGLE  [deg] -4.21
* N
7T o
55.7 nm / ‘\\ A \ ,‘j \
/ \ { \ # \
43.7 nm ! \\ J‘/ \ / \
1.7 nm / | \ ’;’
19.7 nm \
7.7 nm / \\_7_”)____ e = ) e s, 0
F = T T = T ==
0.8um 1.2um 2.0umn 2.8um 36um 4.4um

B2-13~ % & # 2 X RAFMB > % & 559.7 nme
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24 z ¥ RTIEE PR

AERIZ W 2 F R E L ERET 1 N £ 852(P3T, 20 keV, 5E15ci) - & & =3
AT ARA S w4 &5 (Ohmic Contact) £ ¥ 3% ¢ 950C 304 5.8 F = 1t > E B e
RIwrlHhit 2 @f k3 REEY > WNTERZ SRS I ELERE
Ak & 0 A3 ap(Lift-off) glAs 0 2818 @ * & 4E(Thermal Coatery 7% » 48+ 100 A«
#5(Ti)2 1500 A% cde(Al) » 45 £ 25 7 3 4o % 4 (Adhesion) £ 41 # 42 4 (Lift-Off)
e N, AR e AR MACE)Q X B L g d A B BIRPGRIE - RUEE ¥ 4

43 k(DI Watenf-it » LM 36§ Rk T3 B Rl § 1T LM

bol] 2-14 457 o

o 1 S
|
R LI RHE L

R2-14~ £ % SR -
Bl 2-15 % j& % s s £ & (Channel Length)1@m 5] 100um 7 1-V 7 [+ 8 B] » 4 5] %
F 43 #c > Large Pad(LP¥_2% % 10012 » Middle Pad(MP¥_2 3 % 5012 - Single Pad(SP)
A2 @2z A MERD - T rng Mo 87 IE(R)E > i € r2(Channel Resistance)

bo b2 & EE g 7 re(Contact Resistance)4o 2 5V

R=Ryi+2R; (2-1)

Ft -V curve ¥ 2 F Aisis 1070 em® ik B (%1 BE15 enf)dB e o i T Ak 4 <
19



Lo @ S LP & MP B IRET T L R L F (Re<<2R) T 1+ % # A 473 (Schottky
Contact): R#c? T v+ » FIpr g ™M o & @ £ SPeT M (Rep>>2R) L3 3 T 1
% (Reh dominatedl - 5 7 re 4§ ( Ohmic Contacty ¥ ¢tig F i g 4% £ > LP 2 MP Ry,

AxAE 3 F > 48437 Ohmic Contact

—n—LP

6.0x10° (a) e '\S/lFF:

4.0x10°

2.0x10°

0.0 4

Current (A)

-2.0x10” -

-4.0x10°

-6.0x10° T , . T T . ; . "
-1.0 05 - 0.0 0.5 1.0

Voltage (V)

—=—LP
(b) D

3.0x10°

2.0x10°

1.0x10°

0.0 4 o

Current (A)

-1.0x10°

-2.0x10°

-3.0x10°

T T T T T . I . .
-1.0 -0.5 0.0 0.5 1.0

Voltage (V)
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—u—LP

©

3.0x10°

2.0x10°

1.0x10° 1

0.0 4

Current (A)

-1.0x10°

-2.0x10° -

-3.0x10°

T T T T T T T T T
-1.0 -0.5 0.0 0.5 1.0

Voltage (V)

—=—LP

GerE v

SP

1.5x10°

1.0x10°

5.0x10°

0.0 4

-5.0x10°

Current (A)

-1.0x10°

-1.5x10°

-2.0x10° T : T : T . ; . ;
-1.0 05 0.0 0.5 1.0

Voltage (V)

B12-15- 2 # 57 |+ > S/IDfrChannets 2% £ % 5E15 cnf - (@) Channel Length 10m > (b)
Channel Length 2gm - (c) Channel Length 50m > (d) Channel Length 100m -

Y

L7 ey Contactiz B R 3L P i B 485 > T RS 455 100 em® ik B (M £
5E15 cnf) > i i B33 52 108 cmi® k& (%) £ SE13 onf) R i T redk 2 + 3 5 40§ 2-16
TR e 8o =t Doping h R T g A it de 2w A ERRR 0 LP & MP S 1907

£ BT yRe g & s Ohmic Contact B2 % Fre RAET IR o Fl AT NEEH
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FRRAFLE KAROT L L § 2 ) anfiRT > 4738 3| v Contactf® 42 2 Contact

$HHC] & e R o

6.0x10°

4.0x10°

2.0x10° 1

0.0 4

Current (A)

-2.0x10° 1

-4.0x10° H

-6.0x10° T r T — T T . T .
-1.0 0.5 0.0 0.5 1.0

Voltage (V)

(b) e
SsP

4.0x10°

3.0x10°
2.0x10°

1.0x10°

0.0

Current (A)

-1.0x107°
-2.0x10° -
-3.0x10°

-4.0x10° -

T
-1.0 -0.5 0.0 0.5 1.0
Voltage (V)
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(c) —=—LP
—n—MP

2.0x10°
X SP

1.5x10° -

1.0x10° -

5.0x10"

0.04

Current (A)

-5.0x107 -

-1.0x10°° -

-1.5x107°

. ; ; .
-1.0 205 0.0 0.5 1.0
Voltage (V)

(d) e

1.0x10°
X sP

8.0x10‘7—-
6.0x10'7—-
4.0><10‘7—-
2.0x10‘7—-

0.0 4

Current (A)

-2.0x107
-4.0x107
-6.0x10"

-8.0x107

-1.0x10°

T T T T T
-1.0 -0.5 0.0 0.5 1.0

Voltage (V)

B12-16~ 2 * % T 1% > S/DfrChannefs s #| £ 4 %] % 5E15 cnf2 5E13 cnf - (a) Channel
Length 10um > (b) Channel Length 2pm > (c) Channel Length 50m > (d) Channel Length
100pum -
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2.5 Spacertt 1 EHE FTRD %

S.NO | Space Block Pros/Con
IIT SiN SiO2 Nitride uniformity II - Selected
2. SIN Poly Poly roughness, Nitride uniformity
3. SIN SI/Ge Etch selectivity to nitride/oxic
4. SI0Z SIN Stress 1ssul
5. SI0Z Poly #21s a beter option(nitride uniformity
6. Poly SOz A. High aspect ratio, B. Mask eros
7. Poly SIN
Spacer
Block

B]2-17 -~ Spacets 1 iE # hifdx B[17] -

Bl 2-17 4% &7 & % %:E 4% Spacer® Block HA2pF L R vR B 4L > AP 7
% = A& i * SiN(Nitride)§ Spaceffr SIO(TEOS)# Block 2 H 4k 8% 2 7 f2>SiN
3 45 R F 5 (Step Coverage) 2 3 |+ (Uniformity) » F]t £ v § Spacer ¥ ¢ti%
SIO(TEOS)E_F % fuit * + ey = if » * BOE FET R R 2 4
4o% i Poly ¥ Block > B4 %7272 24 £3] > * Poly 2 miefEik =+ > gi2d i
2P o % SIO % Spacerh F Ak Flpt k- B A S IuER o BEEALR
5 0 adF Hard Masken-T =g 48 37 48 T {2 > Spaceriiz vt i 4% & 311k o

P g F BB B P RRA 2 PF 0 SpaceriE# o % 2 MR o

AR WD kG5 SINE R 2 K RE R 5 1:.0.7 B 2-18:%p ¢ 2 i TEOS
Block & & (150 nm)F =_> 2 3 % 7 F < Nitride 5 & (100 nm, 150 nm, 200 ni#) ¢ & 3
Pl R E o SR Aol 2-19 0 o BiA TS K ERAeIE - o R B Z BEEE S prR
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m A FpALlz ¢h > ¥4 Nitride 5 & 421 TEOS Block® }iﬁ%b Shefeo B EART -

Nitride Spacer

TEOS block: 100 nm _ .
Nitride thuckness: 100 mm > Onm nanowire

TEOS block: 130 mm

Nitride thucknes 100 nm > 100 m nanowre

TEOS block: 1530 nm

o _ . —> 45w nanowire
Nitride tluckness: 130 mm

TEOS block: 150 nm

O : o [ 38 nm nanow e
Nitride thicknes 200 mm

12-18~ Nitride BURap# 85| % 5% -
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B2-19~ % F R % 03 K sin-line SEME) - (@)100 nm» (b)145 nm- (c)138 nme
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GAA TFT %@ ieii 428 &
(Gate All Around Thin Film Transistor)

*E A A% GAA EWF ST s T ER 0 Rl [V T Y fri8 T

-

MOSFET ~ & #icfly » 4o/@i if #cfls » 48 & i §AT 114 F 30 % » ¥ s 45343 -

3.1 Rt

dob - Ferit o FEHRF O ARYITHESR TR BiL f 2 SR 1N

_}
54 % CMOS- 2 2 £ MW T LAER Afg v % 3] TFT - 455 > A k%

(’”34

A3 2T e AT B2 G 43k 349 AMLCD vMicro Display> @4 & ¥ £ IC

£8 5 0 B IC -

‘*'rl
i

3.2 GAATFT % =i 42

gl d kend sk W/ H=75 nm/88-nm)- 5 iE F # TRE T 24 BF 600C T N o
RCA jjx » & iqﬂﬁ (T4 d T g 4 e HF(L:50) 2 k5™ & ¢HBOX § it
K B4 % 50~100 nm> § 25 4 48 > i 3 F 5 3 (suspending) 4o @] 3-1#77% o £ &~
LPVCD % % 713Cim# TEOS § i % (Si0)20 nm- i /& § ™ & » W& § i k& (Gate
Oxide) 4- @] 3-2 #7577 - 2 s % g 4 48 » o f N* % & # & % (Doped Polysilicon)200 nm
e Rhilig o KR REE > EFH R & patterns 4B 3-3977 o Ris A RER A
" #2717 Source/Draing &g+ i £ N"E %5(P3T, 30 keV, 5E15 cif) » 4] 3-4
2roF o Fl G R T R patternpF > 2 TCP 94004 % 2 TEOS Gate Oxiddy > st 5 5 48 %)
o (Poly:Oxideyx® » # = ¢ 4% TEOS: #rig 73+ w4 » S/ID3F 20nm3i * & %
FoWE SIDARB TS BT Lo ARF > 24 Contactiny 2 fa LR
R > f X T30 ke FERHF TiEF L A4 r 30~40 nmaF R FlE R
o ¥ RitRE P Eitfp TEOSm 7 B 35t f7icd v » AP d g2t f > @4 O
R F b oA tap, Fpry TEOSEHmfFREFL 2 > & TEOS & 7 4
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Dry Oxide- iw# 5 & % > & 10 nmm + o

T - AR E Ozone 2 Frfie (SPM)# “,% gl &7 950C % E =i 30 ~
oAt A Re a1 i LPCVD 1+ - & 200 nm:=n TEOS Oxide i Passivation
RIRGRF - L0l 6 hT AT - 5T R E § XA R 4285 (Contact Hole) &7 %
2t BOE(F & a4 1“5 =L:7)8 % H- TEOS # = BTk B Ik » £ A F 44}
45447 (Ti: Al=10 nm: 150 nmy & 1 #* 453 (Lift-Off) e 5% » #2852 4.3 Ak (ACE)
QAP R ARF R R BIRA K > R L % 4 45 k(DI Wateriik 0 BER D=

BT AR 4rB] 3-5 417 o 4t BB AT BRI A BRI R & R

Fr R ngﬁﬁ/%‘g&jﬁﬁﬁu Sl ddaii s L YRR K@U NTIE

LR R W I iv’ci o 2 R B R N LT S T R B )

3-6 7 o

B3-1- 4 4-BOXF i & g HER" 7 @ 2 K & o

F3-2~ ¢ % TEOSH § 1 & ch3 A & o

28



B3-5 45+ £ BT mAGAATFTA 2 2 2 [§ -
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B]3-6 ~ Cross Section

3.3 GAA ~ it SEM & TEM B
B 3-7 5 #ft % 400 nm 4d # VWA S SRR T R
FiokEEReREE § T CA B RAYH I  FIHF Bt

oo 5k 4 @ ¥4 o

SEI 100KV X6,500 Tpm WD 11.0mm
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SEI 10.0kV  X6.500 Tum WD 11.0mm

NCTU SEl  100kV X6500  1jm WD 110mm
BI3-7-~ ik % & W 46915 SEMBl(a)d if £ A2 um > (b)id i £ A3um > (O i £ &
4 pum -
B13-842 395 GAA A2 flivr £ cHSEMMB > B ¥ ¥ i ¥g Nz K RAOTR L
70 nm> %32 5 516 BOE 4.%] i # TEOS Gate Oxidd# ' > %) 25 nme .2 o #4215 S/D
pad:r% B} N' Ploysilicon® § > 15 TCPRIELE &3] chff f2 - 2 A R3IFF T4
Spacerz § 4 0 g T 2 € ¥~ i3k (3 B8 - Channel Lengthi Gate Lengthée + =

#EO05umek B o
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NCTU SEI 10.0kv > 00 W0um WD 7.2mm

SEI 100kV  X75,000 100nm WD 7.2mm

®3-8 - GAA~ i SEMHE] > Gate lengtl 2 um -

0pum WD 7.2mm




SEI 10.0kV  X15,000 Tum WD 7.2mm

SEI 10.0kVY X75000 100nm WD 7.2mm

B]3-9~ GAA~ i SEME] » Gate lengths 3 um -

¥ ¢h & Gate lengthrt £ o~ i > FRg P 5 T LA 0 7o § FfF T

ALY R AR SR A R PR o] 310 A o Fl TR R
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) Tum WD 7.2mm

SEl 10.0kV  X6.500 1um WD 7.0mm

®3-10~ GAA =~ * SEMH](a) Gate length ¥m > (b) Gate length &m -
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B 3-115 *» ~ 2 3|5 B> k2% Channel® & &% /A7 3% &% 3| ™ k& 0 Oxide>
¢ ;% Q-Gater @ %4 2 i¥ Gate All Around=~ #hg & o ¥ Feh2 ¢ = 2420 5 TEOS
Oxide- =542 & P & 7 K g - BY 7 ¢ L] 2 #TFHRA HZ K 47 Spacer

SEI 10.0k¥ X90,000 100nm WD 10.7mm

SEl 10.0kv X110,000 100nm WD 10.7mm

B3-11~ ~ 22w SEME|(2)W/H:77 nm/35 nm (b) W/H:32 nm/40 nm
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B3-12~ ~ i# 2] TEMREl(a) W/H:75 nm/38 nm (b) W/H:33 nm/35 nm
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3.4 $¥,Z Bk

AERA LB P HEEE P & TR T & (Threshold Voltage) = 7& & 4L &
(Subthreshold Swing: & #& 51 % =i ™ "% (DIBL) ~ & i B B v+ (On/Off Ratio)~ §* =+ &
# % (Field-Effect Mobility) % #14 o #-€ Fleh gt s 47 > @ R B RIS 5 1 8 12
HP 4156 H 48~ 47 REp > SRR 5 ICS 4 i¥ k5t > GPIB % i 4% 3 A1 fc Rl e il 4
F o
3.4.1 &% & B 7_%& (Threshold Voltage)

Vin(V) 2 MOSFET~ 2 ¢ A& ¥ £ & chdlic U e &> 2 3 BB 1 1gVg Bl
BH T VGT o AF kK Vg=0.54V 0 B~ Gy(Transeonductandsé. ~ & & 3 1¢-Vgy ™ h
Vg & fit - 528 s X ghendr 8E Vo fadedlo o 2= Vy(REF TR E )
4 Vi 4oB] 3-130 77 % LR E Bt b ld:(W/L)x10‘7A P Vg o

Vy =V -2 3-1)

202107 -

15107

1.0=10° -

DRAIN CLURRENT (&)

5010

GATEVOLTAGE {\)

B3-13~ Vip 5 B2 & o
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3.4.2=x §&.3 £ & 7_& (Subthreshold Swing)
FRRA A OTE D F L BB EROTRR TR BHEOF Y Vg il T

~ERITASEE > e Vga 0.5V

_[alogy,(1,)T" _
ST

3.4.3x4& 318 =i BT *% ¥ _& (Drain Induce Barrier Lowing)

DIBL(V/V) th% 4 & f6 0 2 4o

1. Vth—linear_ Vth-saturation

AV, — el
2. \Where 4 is defined as T 'A[14].
AV,

B AERY 07k W Ve p OSVEE2VET i 10V A L Apg[14] o ¥
- JEHS ETVRE Ve 05 VER2VTF@IVR > 5 F s R L3 Ed 0 &

& d4+ & DIBL )k -

3.4.4 T =@ M v %% (On Off Ratio)
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3.4.5§ + ## F ¥ & (Field-effect mobility)

e
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e

Field-effect mobilityure,cn/V-s)ene % % o & o] Vg™ 6 Gy 3t &
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w 1
a = MreCox T[(Vg ~Vin)Vy —EVdZ] B3-4)

B? CxAMiEs PEFHEaFARFE - WELETR LAMELTR Vo 2 H

TR ¥ Vaiz | VgVin BF(Va<< Vg-Vin) £ Vg> Vi R P T 5
_ W
d — ILIFECOXT(Vg _\/th)vd (3_5)

M Gm’\iﬁ)‘;

G = ald :W:UFECoxV
"oV, L...°
V4 =constant
B s 7
b.=—- ¢ (3-6)
™ Weff Code i

FP T T ALY BT Gumax B D RO EF BB S 0 AP % Co 5 1.28E-7
Flenf» ¢ e¢r=3.9% TEOS Oxides @ %44 % ¥ #ic»  We Bl 5 ¢ B v & 0.226
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35 GAA R &R
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1638 3 ~ 2033 ~ 40 3E ~ % BOBHFE EE > A4 Vg=05 VT » il F i e &
A R R o TP R BB (On/Off Ratio)s S F < 0 @ MR o (Off
Currentyc % = % P &g » © £ ¢k GIDL AT /g & &k » & 2~4042: i » d 6.5x10
B4 d 1.36%16 0 @ 5RR TR(Vm) B € F1 5 @1 5 0 2 BRI S Kb 0 A2
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% 451mV/dec’ S.S.mini 390 mV/dec L 5% 423.6 mV/dec
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E 1674 L
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jun ] 3 E
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1E-6 4 L
1E-7 4 L
= b 3
3 1E-84 3
<
£ 1E-94 L
g
3 1e10] 2 channel GAATFTs |
= vd = 0.5V
© 1E,11_; Gate length 2um _
a E Gate length 3um
1E-12 3 Gate length 4um ¢
1E-13 4 L
1E-14 4— T T T T T T " T "~ T "~ T "~ T " 17

2 3 4

5 6

Gate Voltage (V)
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B 3-16 | &_7

“h4e Vg i€ 0.1V 5| 3V thsF (28] > B¢ &

i 7 o (Off Currentkn
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-

—
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Hri e
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4 e 3 7 (Conduction Band) - #]p

B 70 S LR i ¥

E AT N pE S P

2, B

(Trap State) £ 7 *%(Tunneling): i

B A REFHET B o ¥ ok onaE 2 eh

Fe

g

® £ % % (Band to Band Tunneling)jis 7.

e m ¥ - v % Va* 3 0.1Vie o #r8r enDIBL s € { /] © Bl 3-17 % Vd 4 %
%t 05VZ2 2V, dDIBL 5 86.7 mV/Ve B 3-18 5 ~ i3 if e i &3 fieof A0t o
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1E-64 L
E  1e74 .
S E g
= 1E8 3
2 3 F
5 1E-9-é .-
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8 1E-10- L
a E = Vvd=0.1v
1E>ll-; —Vd=0.825V ;_
Vd=155V
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Gate Voltage (V)
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166 4 L
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< E g
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9 3 E
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1E-6—;
1E-71;
1E-8 -
z Vd=0.5V
S 1E-94 8 channel GAA TFT
< microwire tri-gate TFT
=) ]
1E-10
1E-11 W/L= 75nm/2um X8 W/L= 0.5um/2um
Vth=3.93 V Vth=5.28 V
1E-12 SS=400imV/dec  SS=594 mV/dec
“lon/loff=1.61E+07 lon/loff=9.3E+06
1E-13 — T - L S N

T T
1 2 3 4 5 6 7 8 9 10

Vg (V)

B13-18~ AL i ~ i 22 S il o
23152 nd R @HTE P H2UM LR Lo F AT 5 B g

FHP AR ST F B - LARE S hefR R TRT > AT AR K48 3 (G, On/Off) >

42



Channel Length 2pm
# of nanowires microwire
2 4 8 16 20 40 80
(70 nm)

0.5um lpm
Vin (V) 407 | 3.83| 3.93| 389 3.87| 3.74| 3.68| 5.28 5.61
S.S. (mV/dec) 390 | 429.| 400 |446 451 438 | 411 594 651
lonfl ot Fatio (10°) | 0.65| 0.99 [ 1.61 | 3.08 | 3.73 | 10.4 | 13.6| 0.93 0.74
onmax (LA) 169|299} 6.1 | 1141149 | 27.1| 516| 24 5.04
Grmax (1S) 0.38| 0.62( 1.23| 2.31| 3.07| 4.84| 871| 0.57 1.24
Mobility(cm ?/V-s) | 26.4 | 21.6 | 21.4 | 20.1 | 21.3| 16.8 | 15.1| 255 32.3

43




A >

EN)
]\@“’ 7 engl 3
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Drain Current (A/um)

Drain Current (A/um)
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3 W/L =70 nm/2 um F
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Drain Current (A/um)

Drain Current (A/um)

1E_5I.I.I.I.I.I.I.I.I.I.I.I.I
NH3 treatment 0.5 hr

1E-6
1E-7
1E-8
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Vd=0.5V 3
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1E-8 4 L
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1E-10 L
1E11 ] 2 channel GAA TFTs
3 Vd=0.5V 1
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E Gate length 3um
1E-13 3 Gate length 4um [
1E-14 5 T "~ T T T T T 7 T T T 71

3 2 -1 0 1 2 3 4 5 6 7 8 9 10
Gate Voltage (V)

F4-5~ 7 F @ iEE A (T 2l p)
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Drain Current (A)

Drain Current (A)
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1E—11—;
lE-lZ-;
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lE-14—;

1E-15

L L | -
¥ Vth= -0.05V

i lon/loff=4.92E+09

SS=0.114V/dec

Vd=0.5V
as-fabricated F
— NH3 treatment 0.5 hr £

—_— NH3 treatment 1hr

Vth=5.37V i
$S=0.489V/dec :
lon/loff=8.10E+06 3

2 Channel GAA TFTs W/L =75 nm/2 um
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Vg=6V
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Gm (AIV)

8.0x107

2 Channel GAA TFTs W/L =75 nm/2 um

7.0x107

6.0x10"

5.0x10"

4.0x10”7

3.0x107

2.0x107 1

1.0x10” 1

0.0

Gmax= 7.45E-07
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— NH, treatment 0.5 hr

NH, treatment 1 hr

4.16E-07

A LA s B LN B A A BN ENNLEN NN L B
2 -1 %0 1 paEmSds NS 6 7 8 9

Gate| Voltage (V)

F14-8~ T 3 ASL T # 3 (Transconductance, (B |4 +- # o

Drain Current (A)

1E-4 4

2 Channel GAA TFTs W/L = 75 nm/2 um

1E-5

1E-6

1E-7

1E-8

1E-9

1E-10

1E-11

1E-12

1E-13

Vd=0.5,2V

fffffff as-fabricated E
— NH_ treatment 0.5 hr  F

=== NH, treatment 1 hr .-

e IS B S m e e e w s s e s e
2 -1 o0 1 2 3 4 5 6 7 8 9 10

Gate Voltage (V)
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Vth (V)

Vth (V)

# 4-1~ T JAJLH 1 DIBL #cd -

7.0

DIBL (mV/V)

As-fabricated 86.7

Treatment 0.5 hr 5.2

Treatment 1 hr 1.4

(G

6.5
60
55
50
45
20
35
30

254

20

1 as-fabricated

15

3.0

2.0 25 3.0 35 4.0
Gate Length (um)

(b)

4.5

28]
264
24
22]
20
18
16
14]

124

1.0

NH3 treatment 0.5 hr

15

2.0 2.5 3.0 35 4.0
Gate Length (um)
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Id(A/um)

©

1.0

0.5

0.0

Vth (V)

-0.54

NH3 treatment 1 hr

-1.0
15

2.0 2.5 3.0 35 4.0 45
Gate Length (um)

®4-10~ 7 JJ%@EJ_@‘. s Vi Variationst iz o

1E-5 4
1E-6

1E-7 +

1E-8 +

1E-9 - Vd=0.5V

0 = 8 channel GAA TFT
1E-10 3 = microwire tri-gate TFT
1E-11 o
1E-12 W/L=75nm/2um X8 W/L= 0.5um/2um
43 Vth=-0.11V Vth=2.63 V
1E-13 SS= 133 mV/dec SS=420 mV/dec
lon/loff=2.81E+09 lon/loff=7.6E+06

1E-14 4

1E-15 T T T T T T T T T T T T

Vg (V)

FI4-11~ R ATLL] e i~ & 2o LA 0t o
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% 42~ L7 S ER(T L 0.5 %) -

Channel Length 2 um
microwire
# of nanowires
2 4 8 16 20 40 80
(70 nm) 0.5um | 1um
Vin (V) 1.73| 1.49| 1.39| 1.65( 1.77 | 1.64 | 1.16 3.19 3.52
S.S. (mV/dec) 274 290 273 221 251 243 23 441 48(
[ onfl o ratio (107) 0.73 | 2.79 | 5.554 12.3 ‘15.2 27.3 | 425 0.59 0.34
lonmax (uA) 2.85| 6.49 121 | 2431281 | 57.3 | 92.7 2.29 4.4
Gmax (uS) 0.38 | 0.92 |[*1.62:] -3.32 }'3.82 | /7.89 | 13.1 0.38 0.79
Mobility(cm 2/Vs) 26.4 | 32 28.2| 289 | 26.6 | 27.4 | 22.8 17 20.6

NH3 plasma treatment for 30 minutes (@ Y= 0.5V)

53



4-3~ 80T FHKETL(T AL 1| ) ¢
Channel Length 2um
# of nanowires 2 4 8 16 20 40 80 microwire
(70 nm)
0.5pm | 1pm
Vin (V) -0.2 | -0.13| -0.11 | -0.09| -0.08( -0.1 | -0.1 | 2.63 2.9
S.S. (mV/dec) 116 | 135 133 137‘ 131 12§ 132 420 446
o/l ot ratio (10°) 0.11| 0.95% 2.81 | 6.89 [+9.05,|112.1| 22.3| 0.0076 | 0.0027
I onmax (LA) 5.3 8.57 [+ 16.8"},34.4-45.2/84.4 | 134 2.54 4.79
Gmax (1S) 0.79| 117 | 230 | 477 | 6.19 | 12.2| 22.4| 0.38 0.73
Mobility (cm?V-s) | 54.9 | 40.7 | 40 | 415| 43 | 42.4|389| 17 19

NH3 plasma treatment for 60 minutes (@ Y = 0.5V)
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4.4 M58 & &iF T i (Gate Induce Drain Leakage)

GIDLA 7 in[37, 381 2 &M &£ a2 t& & & % & (Gate to Drain Overlap Regionij i
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T iR £ 7] % £ (Depletion)s 4c b xdEx A B o F A AVepR RAARL 0 D
FAF oA FaF I KEARERFEAAD B F T E I EF (Tunneling of
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B4-12477 > A 4 g F 2 Tk A~ Bk te{r & K (Substratedric & > & * BRIk 4o Rl
4-13° FIPL IR T RAR S 0 N EAHER R S > £F T H4%+ > GIDLI a":ﬁqw:s °
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Iic
Ev
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"Hale ] lv
Drain

B4-12~ GIDL BB ™ & + B °

n+
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®4-13~ GIDLIR B ™ 7 2 % ¥ ©
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fe £ A SOIRHET » 3 it 6 “TH T W ALIF ~ A K > FIBOXF i B chle % » i &
¢ 7 &Mk (Floating Body Effecty 3 = 4. GIDLiR /& ™ » % ik /i (Holes Flow}s &
H-4F ~ i i (Body) > ® 5388w iR R R g oo (Source-Body Junction) 3 iE ik i
Ak o fL G lgpL e BT A q*w%\— BNPNF 2 &7 & $(Parasitic BJT) lgpL P #_
Ao kT i (Base Current) ¢ <X 3t Rl F 2 % S M PR I F 2 o Ip=PlgpL+
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FH5E s g FGIDLTin %t > o 5 el i sz - [37]
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Y- g g gfep4k) > frd a0 GIDLE { LA 2 BT ZV%VFMV ’

beR4-16477 o

IES b 1))
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1< 1E-9 o L
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3 1E-104
= E ;
©
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1E\1i T - T T "1 7T 17T 77 T 71 T
5-=4" 3 2 1 0 1 2 3 4 5 6 7

Gate Voltage (V)

®4-14~ % = R t&& & T «9GIDL -

56



Drain Current (A/um)

Drain Current (A/um)
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1 NH, treatment 1 hr i
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4.5 ¥ % is(Kink Effect)
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4.6 ¥ N & ik R 82 (Back Gate Effect)
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4.7 48 & B4 +7(Low Temperature Measurement)
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(Summary and Future Work)
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#5Ls A RS e g [14]2 0 g e

+ 2-Channel Devices *. Average
IEEE,2006 This Study
Single Gate Gate All Around
TEOS:30 nm TEOS:27 nm
(W/L=21 nmx2/ 2 um) (W/L=75 nmx2/ 2 um)
‘ SPC SPC
SPC - SPC
(NHsz1hr) (NHsz 1hr)
Vin (V) 7:27 2.54 4.07 4571 -0.2 -0.17*
S.S. (mV/dec) 381 194 390 42%* 116 126*
lo/loff ratio (16) 0.163 0.536 0.065 0.11f 1.13 2.73*
Mobility(cm?/V-s) 55 73 26.4  26*| 549 50.2

68

3



% 52~ Af 2 e ;I;Je %4 [26]2 v fiz o

* Multi-Channel Devices *. Average
APL, 2004 This Study
Tri-gate LDD Gate All Around
TEOS:26 nm TEOS:27 nm
SPC-SC SPC-MNC SPC SPC

1 um/ 0.5 um |67 nmx10/ 0.5 um| 75 nmx8/ 2 um| 75 nmx8/2 um

(NH3 1hr) (NHz1hr) (No NHs) (NHs 1hr)
Vin (V) -0.11 0.23 2.92  24*| 06 0.161
S.S. (mV/dec) 360 110 466  439.4* 107  131f2*
lofloft ratio (16) 0.59 4.73 0.41 069*| 525  7.86f

Mobility(cm?/V-s) 34.01 32.5 17.6 1821 56.3  44.1F
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